Background/Purpose: Information about sex difference is important for the development of better prevention and intervention strategies for geriatric depression. We investigated sex differences in prevalence and risk indicators associated with geriatric depression among community-dwelling elderly people in Shih-Pai, Taipei, Taiwan. Methods: A cross-sectional community-based survey was conducted from Results: The prevalence of geriatric depression was 9.8% in 3970 participants, with a higher rate in women (12.4%) than men (7.8%). Geriatric depression was significantly associated with women [odds ratio (OR) = 1.49, 95% confidence interval (CI) = 1.07-2.07), separated/divorced marital status (OR = 3.29, 95% CI = 1.51-7.18), living alone (OR = 2.56, 95% CI = 1.38-4.77), past history of stroke (OR = 3.63, 95% CI = 2.09-6.31), and cognitive impairment (OR = 2.83, 95% CI = 1.96-4.09). Living alone (OR = 3.56, 95% CI = 1.48-8.57), living with children (OR = 1.97, 95% CI = 1.02-3.78), and past history of gouty arthritis (OR = 2.46, 95% CI = 1.27-4.79) were significantly associated with depression in women, but not in men. Conclusion: Women have a higher prevalence of geriatric depression than men. Our data support the differential exposure hypothesis and the differential vulnerability hypothesis of sex difference in geriatric depression.
Numerous epidemiological studies have shown that women have a higher prevalence of depression than men across generations and cultures. 1, 2 The sex difference in prevalence of depression first becomes apparent in early adolescence, which is related to the emergence of puberty and sex hormones, 3 and continues to the 50-60 years age group. 1 Whether female preponderance remains J Formos Med Assoc | 2010 • Vol 109 • No 5 evident in older age is less conclusive. Some studies have shown that elderly women have a higher odds ratio (OR = 1.3-3.4) for geriatric depression than men, although other studies contradict this. 4 To explain the sex difference in the prevalence of depression, two different, but not mutually exclusive hypotheses have been proposed-the differential exposure and differential vulnerability hypotheses. 5 Most studies have shown that women are more exposed to risk indicators associated with depression, such as financial difficulty, widowhood, social isolation, low education, and functional disability. 6 Whether differential vulnerability and cross-cultural differences play a role is less conclusive. For example, studies in Western countries have revealed that widowhood has a greater impact on depression in men. 7, 8 This sex difference was not shown in a Chinese rural survey and was even the reverse in a Hong Kong study. 9, 10 Based on previous studies of geriatric depression in Taiwan, the prevalence of depressive disorders is 12.9-21.2% in the community setting, 11, 12 and is higher for depressive symptoms, around 26.0-37.7%. [11] [12] [13] [14] Major indicators that are correlated with geriatric depression are age, chronic disease, functional disability, cognitive impairment, poor social support, perceived poor health, and low income. [11] [12] [13] [14] There has been a lack of studies on sex difference and depression in Taiwan. Even in Chinese or other Asian communities, the association between sex and depression is less well established. To provide better strategies for prevention and intervention in geriatric depression, exploring issues related to sex difference is essential. Therefore, the present community-based survey was conducted to investigate the sex difference in prevalence and risk indicators associated with geriatric depression.
Materials and Methods

Sample and procedure
The cross-sectional community survey was conducted from June 1999 to November 2002 in the Shih-Pai community, Taipei, Taiwan. Compared with other parts of Taiwan, the elderly residents living in Shih-Pai are in a middle-to-high socioeconomic class. Individuals aged ≥ 65 years according to the district's resident lists were recruited for the survey. Of the total of 9175 residents eligible, 1284 people were not at home, 175 had died, and 557 were institutionalized or disabled. The final number of residents available for the survey was 7159.
General assessment
This study was part of the Shih-Pai Community Medical Service Program and was approved by the Institutional Review Board of Taipei Veterans General Hospital. All demographic characteristics, including age, sex, educational level, marital status, and living arrangements, were collected through home visits by well-trained interviewers. We did not directly measure social support as a variable, but used marital status and living arrangements as proxies for social support. The living arrangements were divided into four categories: (1) living with spouse only; (2) living with children (regardless of whether living with spouse or not); (3) living with others besides spouse and children; and (4) living alone. A comprehensive questionnaire was used, and part of it has been published elsewhere. 15
Definition of chronic disease
Five chronic diseases, diabetes mellitus, hypertension, cardiovascular disease, stroke, and gouty arthritis, were used to assess their correlation with geriatric depression. Chronic disease was defined only if both self-reported answers were "yes" to (1) "have the disease" and (2) "have related treatment", since a previous study has shown fair agreement between self-reported history and medical records. 16
Geriatric depression scale-short form (GDS-SF)
The Chinese version of the GDS-SF was used to evaluate the depressive symptoms of the elderly subjects in the past one week. 17 GDS-SF has shown good sensitivity and specificity for predicting depressive disorders in different settings. 18 The selfreport scale consisted of 15 questions in a yes/no format, with total scores that ranged from 0 to 15. A cutoff value of ≥ 5 was used to define geriatric depression and to compare the data with other studies in Taiwan. 11, 14 
Mini-mental state examination (MMSE)
The screening scale was employed to evaluate cognitive functions. 19 It consisted of 11 questions and a total score ranging from 0 to 30. Lower scores implied worse cognitive functions. Those with a score ranging from 0 to 23 were defined as having cognitive impairment. 20
Statistical analysis
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. Pearson's χ 2 test was used to examine significant associations between categorical variables. Multiple logistic regression with the simultaneous method was performed to identify predictors and sex differences in geriatric depression. A p value < 0.05 was considered statistically significant.
Results
Among 7159 residents available for the survey, 3078 refused to participate. The response rate was 57%. A total of 4081 elderly people participated in this study, of whom, 3970 completed the questionnaires and their data were entered for analysis. Among the 3970 participants, 2572 underwent MMSE screening, while the remaining 1398 lacked MMSE information.
Several significant sex differences were found in the demographic characteristics, chronic diseases, and cognitive function of the subjects (Table 1) . More elderly men participated in the study (55.8%) and they were more likely to be older, with a past history of stroke and gouty arthritis. Women were more likely to be widowed, with a low educational level, living with children or alone, and with cognitive impairment.
Among the 3970 participants, the prevalence of geriatric depression was 9.8%. Women had a higher prevalence than men (12.4% vs. 7.8%, p < 0.01).
Univariate analysis revealed that marital status, educational level, living arrangements, past history of cardiovascular disease or stroke, and cognitive impairment were significantly associated with geriatric depression in male samples (Table 2) . Age, marital status, living arrangements, past history of diabetes mellitus, hypertension, cardiovascular disease, stroke or gouty arthritis, number of chronic diseases, and cognitive impairment were significantly associated with geriatric depression in female samples.
Three multiple logistic regression models were performed ( Table 3) . Model 1 contained all demographic variables in the univariate analysis except for five chronic diseases and cognitive function. Older age (≥ 75 years) was significantly associated with geriatric depression in both sexes. Low educational level was significantly associated with depression only in men, while living alone was associated significantly with depression only in women.
With additional adjustment for the five chronic diseases in model 2, older age in both sexes lost its significance, while other demographic variables remained unchanged. Past history of stroke predicted depression in both sexes. Low educational level was significantly associated with depression in men, but not in women, while depression was associated with living alone and past history of gouty arthritis only in women.
In the final stage, we adjusted for cognitive impairment in model 3. Separated/divorced marital status, past history of stroke, and cognitive impairment predicted depression in both sexes. Living alone, living with children and past history of gouty arthritis were significantly associated with depression in women, but not in men. However, older age in the overall sample, and low educational level in the overall and male samples lost their significant association with depression. 
Discussion
With the same cutoff value (GDS-SF ≥ 5), previous studies have shown the prevalence of depression in community elderly subjects in Taiwan to be 25.7-27.5%. 11, 14 There are two major reasons to account for the lower prevalence (9.8%) in the present study. First, high-risk groups such as 14 our participants were more likely to vs. 92.6%, p = 0.01). The advantage for our participants with regard to these protective indicators also contributed to the lower rate of depression in our study. The present study showed that the prevalence of geriatric depression was higher in women than men. Elderly women were more likely to be widows, have a low level of education, live alone, and experience cognitive impairment than their male counterparts, who were more likely to be older and have a past history of stroke or gouty arthritis as their risk indicators (Table 1 ). These findings are consistent with those of previous studies, 5,6 and support the differential exposure hypothesis. Variables like past history of depression, financial difficulty and functional disability were not included for analysis, although they have shown a tendency toward a female preponderance in other studies. 1, 6 Thus the sex difference in exposure to risk indicators for geriatric depression might have been underestimated in this study. Artificial bias such as recall bias, different treatment-seeking behavior and report strategies, and comorbid anxiety disorder have been evaluated among adult samples, but these factors could not explain the sex difference of prevalence of depression. [21] [22] [23] That is, depression is indeed more common in women. Further studies are needed to clarify the issue of artificial bias in studies of depression in elderly people.
One may argue that selection bias exists due to incomplete MMSE screening for all participants. Further analysis revealed that the participants who received complete MMSE screening were less depressed (8.7% vs. 11.9%, p < 0.01) and less likely to be female (41.6% vs. 49.0%, p < 0.01) (data not shown). However, female sex and cognitive impairment were still significantly associated with geriatric depression in model 3 of the multiple logistic regression. Therefore, if selection bias existed, we probably underestimated rather than overestimated these correlations.
In comparing models 1 and 2, older age lost its association with geriatric depression in male and female samples, but not in the overall sample. However, the changes in ORs in magnitude were trivial. This finding is consistent with a previous study, which implies that demographic risk indicators for depression in patients with chronic diseases are almost the same as those without. 24 In comparing models 2 and 3, age and educational level lost their significance, after adjusting for cognitive impairment. This is plausible because previous studies have shown that cognitive impairment is highly associated with older age and lower educational level. 25, 26 Separated/divorced marital status, a past history of stroke, and cognitive impairment were associated with geriatric depression in both sexes; this has also been confirmed in previous studies. 4, 27 However, these indicators had no differential impact between the sexes in this study. Living alone, living with children and a past history of gouty arthritis were significantly associated with geriatric depression only in women. This implies a differential vulnerability to risk indicators of geriatric depression between the sexes.
The current study showed that widowhood was not associated with depression in both sexes. This result is consistent with a study in China, 9 but differs from others in Western countries and Hong Kong. 7, 8, 10 A follow-up study by Li et al in China found that support from children protects widowed parents against the adverse effects of spousal death, and a sex difference in the effect of widowhood on depression was not evident. 9 However, further analysis of our data revealed that among participants who lived with children, widowed men were still more depressed than those who were married (12.6% vs. 7.3%, p = 0.02), while widowed women were not (14.5% vs. 11.4%, p = 0.10) (data not shown). Although we did not directly measure social support as a variable, this finding implies that social support from children is probably less protective against late-life depression for widowed men than women. Further studies with a prospective design and direct measurement of different types of social support are J Formos Med Assoc | 2010 • Vol 109 • No 5 needed to clarify the causality between social support and depression.
In the current study, being elderly and living alone was associated with depression only in women, which is in line with another ethnic Chinese study. 28 Being elderly and living alone in Western countries is associated with higher income and autonomy, 29 and is not necessarily linked to depression. In contrast, elderly women living alone in Taiwan are prone to financial difficulties, have poor social support, and suffer more chronic disease, all of which are also highly associated with late-life depression. 27 The reason why elderly women living with children also have a higher risk for depression may be partially explained by different gender roles. Compared with elderly men in Taiwan, elderly women are more responsible for household chores and taking care of family members, and these conditions are likely to lead to a negative impact on their psychological well-being. 30 Conversely, depression could contribute to a poor relationship among family members, or make the depressed patient more dependent on other family members, and finally lead to a change of living arrangements. To clarify the causality between living arrangements and geriatric depression, future prospective studies are needed.
The association of arthritis and depression has been documented, 31, 32 but there is little association with gouty arthritis. Clinical samples of osteoarthritis in Taiwan imply that sex, mediated through a depressive tendency, predicts pain intensity and pain disturbance. 33 There is also evidence that pain predicts depression in patients with rheumatoid arthritis. 34 Furthermore, different coping strategies between the sexes might play a role: the emotional expression of a painful experience is more socially acceptable in women than in men. 35 This difference is more apparent in Asian patients, especially the elderly. These factors could partly explain why elderly men have a higher prevalence of gouty arthritis than women, but are less depressed.
The present study has some limitations. First, the cross-sectional design of the survey prevents clear causal inferences between geriatric depression and the correlated risk indicators. Second, since the participants were limited to the Shih-Pai community, whether the conclusions apply to elderly people elsewhere needs further confirmation. Third, there were no data on indicators such as past history of depression, financial difficulty and functional disability, which would have provided a more comprehensive picture. Fourth, GDS-SF is a screening tool for depressive symptoms, rather than a diagnostic instrument for depressive disorders. Those screened as positive should receive further evaluation. Nevertheless, the strength of this study is its relatively large sample size in a community survey. It is also believed to be the first analysis of sex differences in geriatric depression in Taiwan.
In conclusion, women have a higher prevalence of geriatric depression than men. Our data support the differential exposure hypothesis and the differential vulnerability hypothesis of sex difference in geriatric depression.
